U i -unit vector in the direction of F i such that F i = F i · U i .
Forces decomposition for 3-body potentials
For an angle formed by atoms i, j, k (bonds i -j and j -k, see Figure 1 ), the sum of the atomic forces is zero:
The atomic forces F i and F k can be decomposed into a component in the direction of F j and a perpendicular component. The perpendicular components cancel each other out because of Equation 1.
The components in the direction of F j can be written as:
The pairwise force between atoms i and k can be obtained by a vector difference: 
Forces decomposition for 4-body potentials
For a dihedral angle formed by atoms i, j, k, l (bonds i -j, j -k and k -l, see Figure 2 ), the sum of the atomic forces is zero:
which can also be written as:
Atoms j and k can be considered to form a single body on which a combined force:
acts as shown in Figure 2a . Similar to the force decomposition for an angle, F i and F l can be decomposed in a component in the direction of F j+k and a component in the perpendicular direction. The components in the perpendicular direction cancel each other out because of Equation 6. The components in the direction of F j+k can be written as:
The pairwise forces acting on atoms j and k can be written in a generic way as:
and, because j +k is considered a single body, j and k do not move with respect to each other, so the pairwise force between them is zero:
such that:
A decomposition of F i(j+k) and F l(j+k) can be made in the direction of F j and F k , as shown in Figure 2b , such that:
Defining α as the angle between F j+k and F j and β as the angle between F j+k and F k , these vectors can be written as:
Finally, the pairwise force between atoms i and l can be obtained by a vector difference: 
